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(57) ABSTRACT 

The present invention relates to a method of producing 
radial glial cells from neural stem cells, particularly by 
contacting neural stem cells With epidermal groWth factor 
(EGF), ?broblast groWth factor 2 (FGF-2) and/or TGFG. 
Leukemia inhibitory factor (LIF) and ciliary neurotrophic 
factor (CNTF) can optionally be added to enhance the effect 
of EGF, FGF-l or TGFG. Also provided are methods of 
producing radial glial cells from ependymal cells, as Well as 
methods of proliferating ependymal cells. 
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PRODUCTION OF RADIAL GLIAL CELLS 
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BACKGROUND OF THE INVENTION 

[0028] Radial glial cells (RGCs) are one of the earliest cell 
types to appear in the developing central nervous system 
(CNS). RGCs function as neuronal progenitors, as Well as a 
glial scaffold to support neuronal migration into the devel 
oping layers of the cerebral cortex. RGCs do not persist into 
the adult mammalian CNS. Instead, these cells transform 
into mature astrocytes and ependymal cells in the postnatal 
period of development. 
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[0029] It Was believed that the adult mammalian brain Was 
not capable of regenerating neurons. However, the recent 
discovery of adult neural stem cells (NSCs) demonstrates 
that multipotent neural stem cells are present in adult 
mammalian brains, Which can proliferate and differentiate 
upon appropriate stimuli into all lineages of neural cells, 
including neurons and glial cells (astrocytes and oligoden 
drocytes). It therefore appears possible to generate neural 
cells using neural stem cells in the treatment of diseases or 
conditions caused by neural cell loss or damage. Neverthe 
less, proper maturation and migration of neuronal precursors 
Would require radial glial cells, Which are lacking in the 
adult mammalian brain. Consequently, it is desirable to 
reestablish a radial glial cell population in the adult mam 
malian brain, Which Will help to recapitulate developmental 
processes normally absent in the mature CNS, thereby 
aiding in the regeneration of damaged or diseased CNS 
tissue. Given that very little is knoWn about the signals 
involved in the generation, differentiation, and postnatal 
transformation of RGCs, the need eXists for a method of 
producing radial glial cells. 

SUMMARY OF THE INVENTION 

[0030] The present invention relates to a method of pro 
ducing radial glial cells from neural stem cells, particularly 
by contacting neural stem cells With epidermal groWth factor 
(EGF), ?broblast groWth factor 2 (FGF-2) and/or TGFot. 
Leukemia inhibitory factor (LIF) and ciliary neurotrophic 
factor (CNTF) can optionally be added to enhance the effect 
of EGF, FGF-2 or TGFa. 

[0031] Importantly, both embryonic and adult neural stem 
cells can be used to generate radial glial cells, thus the 
present invention is useful in the treatment of diseases or 
conditions caused by neural cell loss or damage in an adult 
animal. This method can be practiced in vivo by adminis 
tering a radial glia promoting agent, such as EGF, FGF-2 or 
TGFot, into the brain of the diseased animal. Alternatively, 
neural stem cells can be cultured according to methods 
knoWn in the art (see, e.g., US. Pat. Nos. 5,750,376; 
5,980,885; 5,851,832), incubated according to the present 
invention to produce radial glial cells, and the resulting cells 
are then transplanted into an animal suffering from neural 
cell loss or damage. 

[0032] Furthermore, We also found that ependymal cells 
can be induced to produce radial glial cells as Well. In 
addition, ependymal cells can be proliferated efficiently With 
the combination of FGF-2 and heparin sulfate. 

[0033] Accordingly, one aspect of the present invention 
provides a method for generating radial glial cells from 
neural stem cells, comprising contacting at least one neural 
stem cell With an effective amount of epidermal groWth 
factor (EGF), ?broblast groWth factor-2 (FGF-2) or trans 
forming groWth factor alpha (TGFot). Optionally, the neural 
stem cells can be contacted With ciliary neurotrophic factor 
(CNTF) or leukemia inhibitory factor (LIF) as Well. In 
particular, the combination of EGF With CNTF and/or LIF 
can be used ?rst, folloWed by TGFot. 

[0034] The method can be practiced in vitro or in vivo. 
The neural stem cell is located preferably in a brain, more 
preferably in a mammalian brain, yet more preferably in a 
human brain, and most preferably in an adult human brain. 
Alternatively, the neural stem cell may be located in a cell 
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culture, particularly one derived from a brain tissue. The 
brain tissue is preferably harvested from an adult mammal 
and most preferably harvested from an adult human. 

[0035] Another aspect of the present invention provides a 
method of producing radial glial cells from ependymal cells, 
comprising contacting the ependymal cells With an effective 
amount of EGF, CNTF, LIF and/or TGFot. Preferably, the 
ependymal cells are contacted With the combination of EGF 
and CNTF. To increase the number of ependymal cells and 
ultimately production of radial glial cells from the enlarged 
ependymal cell population, FGF-2 can be used to induce 
proliferation of ependymal cells. Preferably, heparin sulfate 
is employed along With FGF-2, particularly When used in 
vivo to proliferate ependymal cells in situ. 

[0036] Another aspect of the present invention provides a 
method for treating or ameliorating a central nervous system 
(CNS) disease or damage in a mammal, comprising trans 
planting radial glial cells into the mammal. The radial glial 
cell can be obtained by incubating neural stem cells in the 
presence of an effective amount of EGF, FGF-2 or TGFot, 
With the optional addition of CNTF or LIF. The CNS disease 
may be a neurodegenerative disease, particularly AlZhe 
imer’s Disease, Multiple Sclerosis (MS), Huntington’s Dis 
ease, Amyotrophic Lateral Sclerosis, and Parkinson’s Dis 
ease. 

[0037] Another aspect of the present invention provides a 
method for enhancing neural cell mobiliZation in a mammal, 
comprising one selected from the group consisting of: 

[0038] (a) administering to the mammal an effective 
amount of a radial glia promoting agent; 

[0039] (b) transplanting radial glial cells into the 
mammal; and 

[0040] (c) transplanting neural stem cell progeny into 
the mammal and inducing the transplant to form 
radial glial cells in the mammal. 

[0041] The radial glia promoting agent is preferably EGF, 
FGF-2 or TGFot, With the optional addition of CNTF or LIF. 
The neural cell is preferably a neuron or neuron precursor. 
In (c), the transplant can be induced to form radial glial cells 
by, for eXample, administration of a radial glia promoting 
agent, Which may be administered in any manner that results 
in production of radial glial cells. Preferably, the agent is 
administered into a ventricle of the brain, particularly the 
lateral ventricle. 

[0042] Further provided by the present invention are com 
positions comprising radial glial cells. The radial glial cells 
may be produced by the methods described herein. The 
composition may further comprise a pharmaceutical accept 
able eXcipient and/or a pharmaceutical acceptable carrier. 
Preferably, the composition is suitable for transplantation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 Generation of cells expressing radial glial 
markers by neural stem cells can be differentially regulated 
by proliferation in the presence of FGF-2, EGF, or TGFot. 
Dissociated pass 1 neurospheres groWn in either FGF-2+HS, 
EGF, or TGFO. Were plated on poly-L-ornithine coated 
coverslips for 30 minutes and immunolabeled With Hoechst, 
Nestin, and RC2. Cells double labeled for Nestin and RC2 
Were counted and expressed as a percentage of total Hoechst 
positive cells. (*p<0.05) 
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[0044] FIG. 2 Neural stem cell growth in the presence of 
LIF or CNTF modestly enhances the percentage of RC2+ 
Nestin expressing cells produced in the FGF-2 and EGF 
growth conditions, but greatly enhances the percentage of 
these cells in the TGFO. groWth condition. (**p<0.005; 
*p<0.05; n=4) 
[0045] FIG. 3 EGF (panel B) and TGFO. (panel C) support 
differentiation of RC2+Nestin expressing cells but not 
FGF-2 (panel A). Differentiation of RC2+Nestin expressing 
cells is indicated by the cells adopting the radial morphol 
ogy, particularly the extension of long, thin processes 
(arroWheads). The results are quanti?ed in panel D, Wherein 
“F to F” indicates that the cells Were groWn in the presence 
of FGF-2 to neurospheres and then placed in differentiation 
conditions With FGF-2. Similarly, “E” stands for EGF and 
“T” stands for TGFot. (**p<0.005) 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The present invention relates to a method of pro 
ducing radial glial cells from neural stem cells or ependymal 
cells, particularly by contacting neural stem cells With 
epidermal groWth factor (EGF), ?broblast groWth factor 2 
(FGF-2) and/or TGFot. Leukemia inhibitory factor (LIF) and 
ciliary neurotrophic factor (CNTF) can optionally be added 
to enhance the effect of EGF, FGF-2 or TGFot. 

[0047] Importantly, both embryonic and adult neural stem 
cells can be used to generate radial glial cells, thus the 
present invention is useful in the treatment of diseases or 
conditions caused by neural cell loss or damage in an adult 
animal. This method can be practiced in vivo by adminis 
tering a radial glia promoting agent, such as EGF, FGF-2 or 
TGFot, into the brain of the diseased animal. Alternatively, 
neural stem cells can be cultured according to methods 
knoWn in the art (see, e.g., US. Pat. Nos. 5,750,376; 
5,980,885; 5,851,832), incubated according to the present 
invention to produce radial glial cells, and the resulting cells 
are then transplanted into an animal suffering from neural 
cell loss or damage. Neural stem cells can also be trans 
planted and induced to form radial glial cells in vivo. 

[0048] Prior to describing the invention in further detail, 
the terms used in this application are de?ned as folloWs 
unless otherWise indicated. 

[0049] De?nitions 

[0050] A“radial glial cell” is a cell possessing either of the 
folloWing properties: (1) antigenically, a radial glial cell 
expresses the intermediate ?lament nestin, and the interme 
diate-?lament associated protein RC2; (2) morphologically, 
a radial glial cell is a bipolar cell extending long, thin 
processes from the soma (“radial morphology”). A radial 
glial cell is preferably a cell that stains positive With anti 
bodies against RC2 and nestin, and more preferably a cell 
With the radial morphology. Most preferably, a radial glial 
cell has both the antigenic and morphological properties 
described above. 

[0051] A“neural stem cell” is a stem cell in the neural cell 
lineage. A stem cell is a cell Which is capable of reproducing 
itself. Therefore, When a stem cell replicates, at least some 
of the daughter cells (progenitor cells) are also stem cells. 
The neural stem cells, and their progenitor cells, are capable 
of differentiating into all the cell types in the neural cell 
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lineage, including neurons, astrocytes and oligodendrocytes 
(astrocytes and oligodendrocytes are collectively called glia 
or glial cells). In other Words, the neural stem cells are 
multipotent neural stem cells. 

[0052] “Neural stem cell progeny” refers to any cell or 
collection of cells that is derived from a neural stem cell. The 
progeny may comprise, for example, daughter neural stem 
cells, neuronal precursor cells, glial precursor cells, neurons 
and glial cells. 

[0053] “Pass 1 neural stem cells” are neural stem cells 
Which have been passaged once in culture. Typically, neural 
stem cells can be obtained from an embryo or an adult brain 
tissue (for example the subventricular Zone of the forebrain) 
and plated as a primary culture (see, for example, US. Pat. 
No. 5,750,376). The primary culture can then be dissociated 
and re-plated. The resulting cells, Which have been passaged 
once in culture, are called the pass 1 neural stem cells. 

[0054] A “neurosphere” is a group of cells derived from a 
single neural stem cell as the result of clonal expansion. 

[0055] A “neural cell”, as used herein, refers to a neuron, 
glia, or a precursor thereof. 

[0056] A “neuron precursor” or “neuronal precursor” is a 
cell that is destined to become a neuron. In particular, a 
neuron precursor expresses knoWn markers for neuron pro 
genitor, for example, MASHl. 

[0057] The term “neural cell migration” means the change 
of location of a neural cell. In particular, this term refers to 
the migration associated With the process Whereby neuronal 
precursors mature into neurons. 

[0058] A “neurodegenerative disease or condition” is a 
disease or medical condition associated With neuron loss or 
dysfunction. Examples of neurodegenerative diseases or 
conditions include neurodegenerative diseases, brain inju 
ries or CNS dysfunctions. Neurodegenerative diseases 
include, for example, AlZheimer’s Disease, Multiple Scle 
rosis (MS), Huntington’s Disease, Amyotrophic Lateral 
Sclerosis, and Parkinson’s Disease. CNS dysfunctions 
include, for example, depression, epilepsy, neurosis and 
psychosis. 

[0059] “Treating or ameliorating” means the reduction or 
complete removal of the symptoms of a disease or medical 
condition. 

[0060] An “effective amount” is an amount of a therapeu 
tic agent suf?cient to achieve the intended purpose. For 
example, an effective amount of EGF to produce radial glial 
cells from neural stem cells is an amount suf?cient to induce 
detectable radial glial cell formation, in vivo or in vitro. An 
effective amount of a radial glia promoting agent to treat or 
ameliorate a neurodegenerative disease or condition is an 
amount of the agent sufficient to reduce or remove the 
symptoms of the neurodegenerative disease or condition. 
The effective amount of a given therapeutic agent Will vary 
With factors such as the nature of the agent, the route of 
administration, the siZe and species of the animal to receive 
the therapeutic agent, and the purpose of the administration. 
The effective amount in each individual case may be deter 
mined empirically by a skilled artisan according to estab 
lished methods in the art. 
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[0061] A “radial glia promoting agent” is a chemical 
compound or mixture of chemical compounds that is 
capable of inducing radial glial cell formation from neural 
stem cells in vitro or in vivo according to the methods 
disclosed in the present invention. The radial glia promoting 
agent is preferably EGF, FGF-2, TGFot, CNTF and/or LIF, 
more preferably EGF or TGFot, and most preferably EGF. 

[0062] “Transplanting” a composition into a mammal 
means introducing the composition into the body of the 
mammal using any methods knoWn in the art. The compo 
sition being transplanted is a “transplant”, and the mammal 
is the “recipient”. 

[0063] 1. Radial Glial Cells 

[0064] Radial glial cells are typically identi?ed antigeni 
cally in the mouse as cells Which express the intermediate 
?lament protein nestin (Frederiksen and McKay, 1988), the 
intermediate-?lament associated protein RC2 (Mission et 
al., 1988), brain lipid binding protein (BLBP) (Feng et al., 
1994), and later in development glial ?brillary acidic protein 
(GFAP) (Mission et al., 1991). Morphologically these cells 
are bipolar With one short thin process extending apically 
With an endfoot at the ventricular surface, and a second long 
thin process extending basally across the entire cortical Wall, 
terminating With an endfoot at the glial limitans membrane 
of the cortical surface. 

[0065] The classi?cation of radial glial cells is someWhat 
enigmatic. These cells have been classi?ed as glial cells, 
likely for tWo major reasons. First, their identi?cation in the 
primate cortex (Levitt and Rakic, 1980) revealed that they 
express the astrocyte maker GFAP, although they do not 
express this protein until late in development in rodents 
(Mission et al., 1991). The second reason is that these cells 
are knoWn to transform into glial cell types postnatally, in 
particular astrocytes (Voigt, 1989; Takahashi et al., 1990). 
For these reasons radial glial cells are considered part of the 
glial cell lineage. 

[0066] Besides being recogniZed as glial cells, radial glia 
have also been purported to be a type of neuroepithelial cell 
(Huttner and Brand, 1997). Radial glial cells express the 
neuroepithelial cell marker nestin as previously noted, their 
soma resides in the ventricular Zone, and they undergo 
interkinetic movements during cell division similar to clas 
sic neuroepithelial cells (Noctor et al., 2001; Mission et al., 
1988). Further, the radial glial cell population has been 
demonstrated to be composed of progenitor cells, capable of 
producing both neurons and glia (Noctor et al., 2001; 
Malatesta et al., 2000). Thus, it is dif?cult to accurately 
classify them simply as glial cells. Therefore, While radial 
glial cells are clearly a part of the astroglial lineage, these 
cells may also be considered a subtype of neuroepithelial 
cell. 

[0067] During the earliest stages of neural development, 
folloWing neural induction, the neural plate consists of a 
single cell layer of pseudostrati?ed ventricular neuroepithe 
lium (PVE) (Hatten and HeintZ, 1999). Neuroepithelial cells 
actively proliferate, ?rst dividing symmetrically, expanding 
their population and then asymetrically, giving rise to addi 
tional cell types (revieWed in Huttner and Brand, 1997). In 
the mouse, early E11 marks the onset of cortical neurogen 
esis in the cerebral PVE, as this is the ?rst time at Which 
postmitotic neurons can be observed (revieWed in Caviness 
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et al., 1995). RC2 positive cells ?rst appear among the cells 
of the PVE at E9 in caudally developing structures, but 
appear betWeen E10-E11 in more rostral areas (Mission et 
al., 1988a). Thus, the appearance of these cells correlates 
With the onset of neurogenesis. 

[0068] Radial glial cells actively divide throughout neu 
rogenesis (Hartfuss et al., 2001; Malatesta et al., 2000), 
giving rise to neurons Which migrate out of the ventricular 
Zone to the marginal Zone of the developing cortex along the 
radial glial processes Which extend from the radial glial 
soma across the cortical Wall to the glial limitans (Noctor et 
al., 2001). This process of migration requires the expression 
of a neural glycoprotein called astroctactin (Hatten and 
HeintZ, 1999). 

[0069] From approximately E11-E14, the density of radial 
glial ?bers increases in the developing cortex, and the 
number of ?bers Which extend across the entire cortical Wall 

reaches a maximum density at E14 (Gadisseux et al., 1992). 
During this stage the large pyramidal neurons destined to 
occupy layer V in the adult have occupied their postmigra 
tory positions in radially aligned columns (Caviness, 1982). 
Also, at this stage approximately 50% of radial ?bers extend 
across the entire cerebral Wall to the pial surface, While the 
remaining ?bers extend to a Zone just beloW the subplate and 
With a groWth cone at the terminal end of their process 

(Gadisseux et al., 1992). Note that during this period all 
radial glial cells appear to be bipolar, With their soma 
residing in the ventricular Zone. 

[0070] At E15, a secondary germinal Zone, the subven 
tricular Zone (SVZ), is evident immediately super?cial to the 
ventricular Zone (VZ). At this time point bipolar radial glial 
cells translocate their soma from the VZ into the SVZ 

(Gadisseux et al., 1992). From E15 to E17, a massive surge 
of neurons is generated, giving rise to cells Which Will 
occupy the supragranular cortical layers II and III. Concur 
rent With this stage of neuron birth is the surge of the radial 
?bers at the subplate up into the cortical plate out to the 
marginal Zone (Gadisseux et al., 1992). These ?bers are 
likely to support the migration of the neWly generated 
granular neurons, as Well as arrange them into ascending 
bundles Which intercalate the more massive ontogenic col 
umns formed during the ?rst stage of neuron birth (Gadis 
seux et al., 1992). 

[0071] E17 marks the cessation of neurogenesis and the 
beginning of gliogenesis. This is the ?rst appearance of a 
monopolar form of radial glial cell Which lacks its descend 
ing process (Mission et al., 1991). The soma of many of 
these cells has translocated into the intermediate Zone and 
more super?cial layers of the cerebral Wall by this time. As 
Well, the basal process begins to branch both from the shaft 
and the tip of the radial ?ber. This arboriZation process 
continues postnatally, and the dominating bipolar phenotype 
is gradually replaced With a monopolar form. Finally, the 
monopolar form of radial glia undergoes a ?nal transition 
into a multipolar astrocyte, Which persists into adulthood 
throughout the cortical layers (Voigt, 1989; Takahashi et al., 
1990; Pixely and de Vellis, 1984; Mission et al., 1991). It is 
also suspected that radial glial cells are likely to give rise to 
other glial cells postnatally including ependymal cells, a 
ciliated cell Which lines the ventricles (EdWards et al., 1990). 
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[0072] Very little is known about the signals Which regu 
late the development of radial glial cells. The signals Which 
give rise to these cells during development are not knoWn, 
nor is it understood Which signals are involved in the 
transition of these cells into astrocytes and ependymal cells, 
or Why NSCs do not generate these cells in adulthood. 

[0073] 2. FGFR1 and EGFR Signaling in the Regulation 
of RGC Development 

[0074] FGF-2 expression can be detected as early as E9.5 
in the telencephalon. The FGF-2 protein levels increase 
dramatically during early neurogenesis and then decline 
from mid to late neurogenesis. The FGF-2 receptor, FGFR-l 
is expressed as early as E8.5-E9.5 in the murine telencepha 
lon and is largely con?ned to the ventricular Zone during 
later stages of development. Both EGF and TGFO. are 
expressed in the telencephalon at very early stages of CNS 
development, as is the EGFR. In order to better establish a 
role for FGFR-1 and EGFR signaling in the regulation of 
RGC development We analyZed the expression of these 
receptors by RGCs in the germinal Zone of the ganglionic 
eminence at the beginning of neurogenesis (approximately 
E11.5 in the mouse) and during midneurogenesis (E14.5). 

[0075] We found that both FGFR-1 and EGFR Were 
expressed in the neuroepithelium at the onset of neurogen 
esis. Furthermore, RGCs, de?ned by RC2 expression, Were 
found to express both FGFR-1 and EGFR at E11 and E14. 
These ?ndings indicate a role for FGFR-l and EGFR 
signaling in the regulation of the RGC lineage beginning at 
very early stages of CNS development. 

[0076] 3. Methods for Producing Radial Glial Cells 

[0077] We investigated the ability of embryonic or adult 
neural stem cells (NSCs) to give rise to cells Which anti 
genically and morphologically resemble radial glia. It Was 
found that three knoWn NSC mitogens, FGF-2, EGF and 
TGFot, differentially regulated the generation of radial glia 
by NSCs, as determined by the number of RC2+nestin 
double-labeled cells produced Within neurospheres 
(Example 1). The order of ef?cacy Was EGF>FGF 
2>>TGFot. CNTF and/or LIF can further enhance the pro 
duction of radial glial cells (Example 2) 

[0078] Despite exhibiting antigenic markers of radial glia, 
these neurosphere-derived cells Were unable to adopt a 
radial morphology When differentiated in basal media alone. 
HoWever, radial morphology can be induced by EGF or 
TGFO. (Example 3). Optionally, CNTF or LIF can be 
included to further enhance the development of radial mor 
phology. FGF-2, hoWever, does not support radial morphol 
ogy formation of these cells. 

[0079] Radial glial cells of the present invention are 
capable of supporting neural cell migration. For example, 
neurospheres produced in the presence of EGF extended 
long thin processes that contained radial glial cell markers 
GLAST (Shibata et al., 1997), nestin, BLBP and vimentin. 
These processes extended outWard and eventually reach 
other neurospheres. Cells that resemble neuron precursors 
could be observed to move along these processes from one 
neurospheres to another. These moving cells stained positive 
for the early nueronal markers beta-III-tubulin, Hu, and 
doublecourtin (Example 4). Therefore, the radial glia pro 
moting agents of the present invention induced the forma 
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tion of radial glial cells that antigenically, morphologically 
and functionally resemble radial glial cells of the developing 
brain. 

[0080] These factors can also be used in vivo to produce 
radial glial cells. We tested Whether adult cells Were capable 
of adopting a radial glial phenotype in response to these 
same signals by infusing EGF, TGFot, or FGF-2 plus heparin 
sulfate (HS) into the lateral ventricles of adult mice 
(Example 6). All three factors resulted in the generation of 
RC2 expressing cells around the entire circumference of the 
lateral ventricles. Furthermore, the RC2 positive cells in 
EGF or TGFO. infused mice had a clearly elongated, radial 
morphology, While the RC2 expressing cells in FGF-2 
infused mice expressed GFAP and had a multipolar astro 
cytic morphology. Therefore, these factors can induce radial 
glial cell formation in vivo, Importantly, even though radial 
glial cells normally disappear in the postnatal stage in 
mammals, We demonstrate that adult mammals can be 
induced to produce radial glial cells by the present method. 

[0081] In addition to neural stem cells, We discovered that 
ependymal cells can form radial glial cells as Well (Example 
7). Ependymal cells are the epithelial cells that form the 
lining of ventricles in the CNS. Upon infusion of EGF or 
TGFot, ependymal cells extended a long, thin process per 
pendicular to the surface of the ventricle toWards the paren 
chyma. Although adopting a radial morphology, these cells 
did not express radial glial cell markers. When both EGF and 
CNTF Were administered to the animals, hoWever, ependy 
mal cells lost their characteristic marker, s100beta, began to 
express radial glial cell markers, and adopted a radial 
morphology. Therefore, ependymal cells are capable of 
forming radial glial cells. 

[0082] Although it has been proposed that ependymal cells 
are neural stem cells, our results do not support this hypoth 
esis. Neural stem cells are knoWn to proliferate in response 
to EGF. HoWever, ependymal cells did not proliferate in 
EGF-infused mice. Proliferation of ependymal cells can be 
induced by administering FGF-2 and HS (Example 8), 
thereby increasing the number of ependymal cells and 
further facilitating production of radial glial cells from 
ependymal cells. It should be noted that it is particularly 
effective to administer HS along With FGF-2. While heparin 
sulfate is produced at high levels in the embryonic ventricu 
lar Zone during neurogenesis, it appears to be at a very loW 
level in the adult ventricles. It is therefore important to 
provide heparin sulfate along With FGF-2. 

[0083] It is contemplated that radial glia promoting agents 
other than EGF, FGF-2 and TGFO. can further be identi?ed 
using the methods disclosed herein. Moreover, variants or 
analogs of EGF, FGF-2, TGFot, LIF and CNTF that have 
radial glia promoting activities are also contemplated in the 
present invention. Avariant or analog useful in the present 
invention is a protein that is capable of binding to the 
receptor of the native factor, as Well as possessing at least 
about 30% amino acid sequence identity With the native 
factor. For example, an EGF analog contemplated herein 
should be capable of competing With a native mammalian 
EGF (for example, the 53 amino acid native human EGF) for 
binding With the receptor of the native mammalian EGF. In 
addition, the analog should display at least about 30% 
sequence identity When compared to the amino acid 
sequence of the native mammalian EGF. The sequence 
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identity is preferably at least about 40%, more preferably at 
least about 50%, yet more preferably at least about 60%, still 
more preferably at least about 70%, and most preferably at 
least about 80%. The ef?cacy of the analog in promoting 
radial glia formation can be determined according to the 
present invention. 

[0084] The presence of neural stem cells (NSCs) and other 
cells capable of proliferation in the CNS suggests a great 
deal of potential for the repair of CNS tissue through either 
endogenous mobiliZation or transplantation strategies. HoW 
ever, While methods exist to either trigger the proliferation 
of NSCs in vivo, or to transplant these cells into the brain, 
the problems of hoW to promote the migration of NSC 
progeny to a site of injury, as Well as hoW to organiZe these 
neWly generated cells into the highly complex structure of 
the brain, represent a major challenge. During development, 
the processes of cell migration and organiZation are largely 
mediated by the radial glial cells. The present invention thus 
opens the door of treating or ameliorating CNS diseases or 
damages With the aid of radial glial cells produced according 
to the disclosure herein. 

[0085] Mobility of neural cells, particularly neurons or 
neuron precursors, can be enhanced by administering at least 
one radial glia promoting agent to a mammal as disclosed 
herein. Alternatively, neural stem cell progeny can be cul 
tured in vitro and transplanted into a mammal. The neural 
stem cell progeny may comprise radial glial cells produced 
as described above. In addition, at least radial glia promoting 
agent can be administered into the recipient mammal con 
currently With or after performance of the transplantation. 

[0086] While generally useful, such treatment Will prove 
particularly valuable for the elderly. As adult mammals, the 
elderly have no radial glial scaffold in their brains, and they 
suffer a higher risk of neurodegenerative diseases. Neuro 
degenerative diseases include the diseases Which have been 
linked to the degeneration of neural cells in particular 
locations of the central nervous system (CNS), leading to the 
inability of these cells to carry out their intended function. 
These diseases include AlZheimer’s Disease, Multiple Scle 
rosis (MS), Huntington’s Disease, Amyotrophic Lateral 
Sclerosis, and Parkinson’s Disease. 

[0087] In addition, probably the largest area of CNS 
diseases or conditions (With respect to the number of 
affected people) is not characteriZed by a loss of neural cells 
but rather by abnormal functioning of existing neural cells. 
This may be due to inappropriate ?ring of neurons, or the 
abnormal synthesis, release, and processing of neurotrans 
mitters. These dysfunctions may be the result of Well studied 
and characteriZed disorders such as depression and epilepsy, 
or less understood disorders such as neurosis and psychosis. 
Moreover, brain injuries often result in the loss of neural 
cells, the inappropriate functioning of the affected brain 
region, and subsequent behavior abnormalities. Treatment or 
amelioration of these diseases and conditions, too, Will 
bene?t from the production of radial glial cells, Which form 
a scaffold to support neuronal migration to the locations 
suitable for proper neuronal functions. 

[0088] 4. Compositions of the Present Invention 

[0089] Another aspect of the present invention provides 
compositions that can be used to produce radial glial cells. 
The compositions of this invention comprise at least one 
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radial glia promoting agent, particularly EGF, FGF-2 or 
TGFot. FGF-l containing compositions preferably also com 
prise heparin sulfate, particularly for administration into the 
brain. The composition can optionally comprise an acces 
sory factor, such as LIF or CNTF. The composition may 
further comprise a pharmaceutically acceptable excipient 
and/or carrier. 

[0090] For in vivo administrations, the composition can be 
delivered via any route knoWn in the art, such as intravas 
cularly, intramucularly, transdermally, subcutaneously, or 
intraperitoneally. Preferably, the composition is delivered 
into the CNS. Most preferably it is delivered into a ventricle 
of the brain, particularly the lateral ventricle. 

[0091] Also provides are compositions comprising radial 
glial cells, particularly the radial glial cells produced by the 
methods described herein. The radial glial cell composition 
may further comprise a pharmaceutically acceptable excipi 
ent and/or carrier. Preferably, the composition is suitable for 
transplantation. 
[0092] The folloWing examples are offered to illustrate 
this invention and are not to be construed in any Way as 
limiting the scope of the present invention. 

EXAMPLES 

[0093] In the examples beloW, the folloWing abbreviations 
have the folloWing meanings. Abbreviations not de?ned 
have their generally accepted meanings. 

° C. — degree Celsius 

hr = hour 

min = minute 

,uM = micromolar 

mM = millimolar 

ml = milliliter 

#1 = microliter 

mg = milligram 

,ug = microgram 

ng = nanogram 

BLBP = brain lipid binding protein 
CNS = central nervous system 

CNT'F = ciliary neurotrophic factor 
DIV = days in vitro 
DMEM = Dulbecco’s modi?ed Eagle’s medium 
EGF = epidermal groWth factor 
EGFR = epidermal groWth factor receptor 
FBS = fetal bovine serum 

FGF = ?broblast groWth factor 
FGFR = ?broblast groWth factor receptor 
GFAP = glial ?brillary acidic protein 
HS = heparin sulfate 
LIF = leukemia inhibitory factor 
LIFR = leukemia inhibitory factor receptor 
NSC = neural stem cell 

PBS = phosphate buffered saline 
PVE = pseudostrati?ed ventricular neuroepithelium 
RGC = radial glial cell 
SVZ = subventricular Zone 

TGF = transforming groWth factor 
VZ = ventricular Zone 

[0094] General Materials and Methods 

[0095] Neural Stem Cell Culture 

[0096] The composition of basal media, or MHM, is as 
folloWs: DMEM/F 12 (1:1); glucose (0.6%); glutamine (2 
mM); sodium bicarbonate (3 mM); HEPES (5 mM); insulin 
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(25 pig/ml); transferrin (100 pig/ml); progesterone (20 nM); 
putrescine (60 pM); andselenium chloride (30 nM) (all from 
Sigma, except glutamine from Life Technologies). 

[0097] Embryonic NSCs Were cultured as neurospheres 
from tissue dissected from the ganglionic eminence of E14 
CD-1 mouse using the methods previously described by 
Shingo et al. (2001). NSCs Were groWn in the presence of 
FGF-2 (20 ng/ml; R&D Systems) and heparin sulfate (2 
pig/ml), EGF (20 ng/ml; Peprotech), or TGFO. (20 ng/ml; 
Gibco or Peprotech). Adult neurosphere cultures Were per 
formed as described by Shingo et al. (2001) in the presence 
of EGF containing media (20 ng/ml) from 2-3 month old 
CD-1 male mice. 

[0098] Cells Were groWn for 7 DIV and formed ?oating 
neurosphere clusters. These primary spheres Were pelleted, 
dissociated and plated into culture ?asks at 50,000 cells/ml 
in groWth media. After 7 DIV, second generation (pass 1) 
neurospheres Were differentiated in the radial glial cell 
outgroWth assay as described beloW, or Were treated as 
folloWs. Neuropheres Were rinsed in basal media, dissoci 
ated and plated at a density of 200,000 cells/ml onto 
poly-L-ornithine coated coverslips for 30 minutes in 300 ml 
of basal media, just to alloW cells to settle. Cells Were then 
?xed in 4% paraformaldehyde and processed for immuno 
cytochemistry. 

[0099] For immunocytochemistry, neurospheres Were 
alloWed to settle in 15 ml Falcon tubes for 15-20 min, after 
Which the media Was removed and replaced With 4% 
paraformadehyde for 20 minutes at room temperature. The 
paraformaldehyde Was then aspirated off and Was replaced 
With 10% sucrose in PBS overnight at 4° C. folloWed by 
25% sucrose in PBS overnight at 4° C. The sucrose Was 
aspirated off, the neurospheres Were embedded and froZen in 
a cryomold, cryosectioned at 14 mm, and processed for 
immunocytochemistry. 

[0100] Clonal Density Cultures 

[0101] To generate neurospheres clonally, pass 1 neuro 
spheres Were dissociated and cells Were plated at a density 
of 72 cells/ml in a 2 ml volume of EGF containing groWth 
media in 6 Well plates (Nunc). After 5 DIV, an additional 1 
ml of fresh EGF containing groWth media Was added. Cells 
Were cultured for a total of 10-12 DIV to alloW neurospheres 
to form. Clonally-derived neurospheres Were then used in 
the radial glial cell outgroWth assay as described beloW. 

[0102] Radial Glial Cell OutgroWth Assay 

[0103] To assess the ability of different groWth factors to 
control the elongation of radial glial cells pass 1 neuro 
spheres, groWn in either FGF-2+HS, EGF, or TGFO. for 7 
DIV, Were alloWed to settle for 15-20 minutes in a Falcon 
tube. The groWth factor containing media Was aspirated off 
and spheres Were rinsed in basal media. Individual neuro 
spheres, 150-200 mm in diameter, Were transferred to a 
poly-L-ornithine coated 96 Well plate (Nunc) containing 
either FGF-2+HS, EGF, or TGFO. at a density of 30-40 
spheres per Well. The spheres Were then cultured for a 
further 5 DIV to alloW for the formation of RGC processes 
betWeen the spheres and Where then either quanti?ed or 
processed for immunocytochemistry. 
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[0104] To assess the presence of migrating neurons, 
groWth media Was removed and replaced With basal media 
for 48 hours to alloW for the differentiation of neurons upon 
the radial glial ?bers. Processing for immunocytochemistry 
Was performed by gently removing the groWth media With a 
pipet and adding 4% paraformaldehyde in PBS for 30 
minutes, Wells Were then gently Washed With PBS by 
changing solutions using a pipet. All primary antibodies 
Were applied overnight at 4° C. and secondary antibodies 
Were applied for 2 hrs at room temperature. Photos Were 
taken microscope through the bottom of the culture plates 
using an inverted ?ourescent. 

[0105] 
[0106] Primary antibodies used to Were mouse anti-RC2 
(neat, Developmental Hybridoma Bank; 1:100), mouse anti 
nestin (neat, Developmental Hybridoma Bank), rabbit anti 
nestin (1:100); rabbit anti-GFAP (1:400; BTI; 1:800; 
Sigma), mouse anti-beta-III-tubulin (1:500, Sigma), mouse 
anti-Hu (1:20, Molecular Probes), rabbit anti-GLAST 
(1:100), mouse anti-Vimentin (1:100), and rabbit anti-BLBP 
(1:800). 
[0107] For immunocytchemical analysis on embryonic 
tissue sections timed pregnant CD-1 mice Were sacri?ced on 
embryonic day 14 and the brain Was removed from embryos, 
?xed in 4% paraformaldehyde for 2 hours on ice, and then 
cryoprotected With 25% sucrose overnight. For adult tissue 
sections, 6-8 Week old mice Were perfused With 4% 
paraformaldehyde, the brains Were dissected and placed in 
4% paraformaldehyde overnight at 4° C., and then cryopro 
tected overnight in 10%, folloWed by 25% sucrose. All 
tissue Was embedded in O.C.T. compound and cryosec 
tioned at 14 mm. Tissue Was analyZed using antibodies 
previously listed, as Well as, mouse anti-s100beta (1:1000, 
Sigma) and sheep anti-EGFR (1:50, BTI). Primary antibod 
ies Were folloWed by incubation With ?ourescein or 
rhodamine-conjugated secondary antibodies against mouse, 
sheep, or rabbit IgG or by using biotin-conjugated secondary 
antibodies folloWed by CY3-streptavidin (Jackson Labs). 

[0108] 
[0109] Intracerebral ventricular infusions Were performed 
as described by ShimaZaki et al. (2000) using 2-3 month old 
CD-1 male mice. Either FGF-2 (33 mg/ml)+HS (33 mg/ml), 
EGF (33 mg/ml), or TGFO. (33 mg/ml) Was infused intrac 
erebroventricularly for 6 days at a rate of 0.5 ml/hr using an 
osmotic pump (AlZet 1007D; AlZa Corporation, Palo Alto, 
Calif.) after Which time animals Were sacri?ced for analysis. 

Immunocytochemistry and Immunohistochemistry 

Intracerebral Ventricular Infusions 

Example 1 

[0110] Generation of Radial Glial Cells From Neural Stem 
Cells 

[0111] In order to assess the ability of EGF, TGFot, and 
FGF-2+HS to modulate the generation of radial glial cells 
from NSCs, neurospheres Were generated from the E14 
ganglionic eminence, a time point at Which radial glial ?bers 
reach their maximum density in the cortical Wall, and NSCs 
Which respond to each of the mitogens are present. Primary 
neurospheres Were generated in the presence of 20 ng/ml of 
EGF, TGFot, or FGF-2. TWo pg/mL of HS Was added to 
FGF-2 cultures. After 7 days in culture, neurospheres Were 
passaged into identical groWth conditions to enhance clonal 
ity. FolloWing a further 7 days in culture, spheres Were 
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dissociated With a brief trypsin-EDTA treatment and 
mechanical dissociation With a ?re-polished pipet. Dissoci 
ated cells Were plated onto poly-L-ornithine coated cover 
slips at a density of 200,000 cells/coverslip, and alloWed to 
settle for 30 minutes, after Which time they Were ?xed in 4% 
paraformaldehyde. Cells Were then immunolabeled for RC2, 
nestin, and Hoechst. Blind counts for cells expressing both 
RC2 and Nestin Were performed and expressed as a per 
centage of total Hoechst positive cells. 

[0112] As shoWn in FIG. 1, the generation of cells Which 
express radial glial markers can be differentially regulated 
by NSC groWth in the presence of FGF-2+HS, EGF, or 
TGFot. GroWth in EGF or FGF-2+HS promoted the genera 
tion of the greatest number of RC2+nestin double-labeled 
cells. Therefore, radial glial cells can be produced from 
neural stem cells. 

Example 2 

[0113] The Effect of LIF and CNTF 

[0114] Primary neurospheres groWn in the presence of 
FGF-2+HS, EGF, or TGFO. for 7 days Were passaged into 
identical groWth conditions in the absence or presence of 
either LIF or CNTF. After 7 days passaged neurospheres 
Were dissociated using trypsin and mechanical dissociation 
With a ?re-polished pipet. Cells Were plated onto poly-L 
ornithine coated coverslips for 30 minutes, ?xed in 4% 
paraformaldehyde, and immunolabeled for RC2, nestin, and 
Hoechst. Cells that Were double labeled for RC2+nestin 
Were counted (blind) in each condition and expressed as a 
percentage of total Hoechst positive cells. 

[0115] The results (FIG. 2) indicate that NSC proliferation 
in the presence of either LIF or CNTF slightly increases the 
percentage of RC2+nestin co-expressing cells generated in 
EGF or FGF-2+HS proliferation conditions. In contrast, 
these cytokines signi?cantly increased the percentage of 
presumptive radial glial cells in the TGFO. groWth condition. 
The increase in the number of radial glial cells, hoWever, 
Was the greatest When CNTF Was combined with EGF, 
because the neurospheres doubled in siZe under these con 
ditions and the total number of cells Was high. 

Example 3 

[0116] Radial Morphology Formation Requires the Pres 
ence of GroWth Factors 

[0117] Previous experience indicates that a differentiation 
time of 5 DIV Was suf?cient for neural stem cell progeny to 
differentiate into GFAP expressing astrocytes and beta 
tubulin III expressing neurons in basal media, Without 
additional factors. To determine if the RC2+nestin positive 
cells described in Example 1 and 2 can differentiate to cells 
With a radial morphology, 7 DIV pass 1 E14 neurospheres 
groWn in EGF Were rinsed in basal media and plated doWn 
on poly-L-ornithine coated 96 Well plates in the presence of 
basal media as described in Materials and Methods. After 5 
DIV, the morphology of differentiated cells Was examined. 
We could ?nd no evidence of any cells Which morphologi 
cally resembled radial glia in these conditions (n=3). Fur 
ther, analysis of cells from dissociated neurospheres also did 
not reveal cells having a radial morphology When plated in 
basal media. These ?ndings suggested that signals required 
for the induction of radial morphology Were absent from the 
basal media differentiation condition. 
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[0118] To investigate Which factors can promote radial 
morphology formation, We greW E14 pass 1 neurospheres in 
the presence of either FGF-2, EGF, or TGFO. for 7 DIV. 
Individual neurospheres, 150-200 mm in diameter, Were 
transferred to 96 Well plates as previously described, at a 
density of 30-40 spheres per Well, in the presence of various 
factors. After 5 DIV the percentage of spheres extending at 
least one radial glial process Was determined. 

[0119] As shoWn in FIG. 3, over 50% of neurospheres 
generated in FGF-2 gave rise to radial glial processes When 
differentiated in the presence of either EGF (54.915 .1%) or 
TGFO. (51.0:7.0%; n=3). Similarly, 57.5:6.0% of EGF 
spheres gave rise to RGC processes When differentiated in 
EGF and 56.3:8.7% of TGFO. neurospheres gave rise to 
RGC processes When differentiated in TGFot. In contrast, 
almost none of the spheres gave rise to RGC processes When 
differentiated in the presence of FGF-2 (n=3; p<0.01). This 
?nding Was independent of Whether the spheres Were gen 
erated in FGF-2, EGF or TGFot. These results thus demon 
strate that EGF and TGFO. Were found to be equally capable 
of supporting RGC differentiation. HoWever, While FGF-2 is 
capable of promoting the generation of RGCs that stain 
positive for RC2 and nestin, it is not capable of promoting 
the differentiation of these cells. 

Example 4 

[0120] Neuronal Migration Upon Radial Glia Formation 

[0121] To observe the function of radial glial cells pro 
duced according to the present invention, pass 1 neuro 
spheres groWn in EGF Were plated upon poly-L-ornithine 
coated 96 Well plates in, the presence of EGF for 5 DIV. The 
neurospheres extended long thin processes out from the 
spheres, Which generally extended along the ?oor of the dish 
to contact other neurospheres. After contacting another 
sphere, the processes no longer rested upon the ?oor of the 
plate, but ?oated in the media, extending like a tight rope 
betWeen the spheres. Small cells appeared to be migrating 
upon these long processes and the morphology of the 
processes and the migrating cells Were strikingly similar to 
previous in vitro descriptions of neurons migrating upon 
radial glia. 

[0122] We reasoned that there are tWo possible cell types 
Which have an elongated morphology and support neuronal 
migration: neurons extending long neurites and radial glia. 
In order to distinguish betWeen these tWo cell types We 
immunolabeled the cells for markers that are speci?c for 
neuronal processes and radial glial processes, respectively. 
We found that the long radial-glia like processes did not 
express the neurite marker beta-III-tubulin, but expressed 
the RGC markers GLAST, nestin, BLBP, and vimentin, 
indicating that these processes belong to radial glial cells. 

[0123] In order to determine Whether the radial glial cells 
generated in response to EGF Were actively supporting 
neuronal migration, We employed time lapse microscopy in 
order to observe the cells on the RGC processes over time 
to determine Whether in fact they Were migrating. E14 pass 
1 neurospheres Were groWn at a clonal density of 72 cells/ml 
in the presence of EGF. After 10 DIV individual clonally 
derived neurospheres Were plated in 96 Well plates at a 
density of 30-40 neurospheres per Well in the presence of 
EGF and Were analyZed after 5 DIV. Clonally-derived 
neurospheres gave rise to RGC processes similar to those 
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observed in the batch cultures described above (n=3). Pre 
sumptive neurons, photographed every 10 minutes over a 
195 minute period, actively migrated along glial processes 
from one sphere toWard a second sphere and ultimately 
could be seen entering the opposing sphere. The migrating 
cells morphologically resembled migrating immature neu 
rons, having a leading process and displaying a pattern of 
saltatory migration. 
[0124] We immunolabeled these cells to determine if they 
are neurons. When the cells Were ?xed immediately after 5 
DIV in EGF, none of the cells expressed the early neuronal 
markers beta-III-tubulin or Hu. Since these markers are 
normally not upregulated until immature neurons exit the 
germinal Zone, We hypothesiZed that WithdraWal of groWth 
factors might be necessary in order to induce differentiation 
and expression of these markers. To test this hypothesis, We 
Washed out the EGF-containing media after 5 DIV and 
replaced it With basal media for a further 2 DIV to induce 
spontaneous differentiation of the presumptive neurons. 
Indeed, at this point, the cells migrating along the RGC 
process could be clearly identi?ed With the neuronal markers 
beta-III-tubulin, Hu, and doublecourtin. These results thus 
demonstrate that the radial glia-like cells generated by NSCs 
in response to EGF functionally resemble radial glia by 
actively supporting neuronal migration. Therefore, NSCs 
give rise to cells Which morphologically, antigenically and 
functionally resemble radial glial cells of the developing 
brain in response to EGF. 

Example 5 
[0125] Adult Neural Stem Cells are Capable of Forming 
Radial Glial Cells 

[0126] Radial glial cells do not exist in adult mammals. 
Adult neural stem cells, hoWever, have been shoWn to 
proliferate and differentiate into neurons and glial cells in the 
same manner as embryonic neural stem cells. Therefore, We 
tested the ability of adult neural stem cells to produce neural 
stem cells. 

[0127] Neurospheres Were generated from adult brain tis 
sue as described in Materials and Methods, and pass 1 
neurospheres Were labeled for BLBP and nestin. The results 
shoW that adult neural stem cells also had the capacity to 
generate radial glia-like cells even though these cells are 
absent from the adult CNS (n=4). 

Example 6 
[0128] Radial Glial Cell Production In Vivo 

[0129] We have demonstrated that both embryonic and 
adult NSCs are able to give rise to RGCs in vitro in response 
to EGF. These data therefore indicate that adult NSCs retain 
the capacity to form RGCs despite the fact that RGCs are no 
longer present in the adult brain. In order to determine 
Whether adult NSCs are able to give rise to radial glia in vivo 
We infused either FGF-2+HS, EGF, or TGFO. into the lateral 
ventricles of adult mice for 6.5 days. Mice Were then 
sacri?ced and analyZed by immunohistochemistry for the 
presence of RGCs. In all three conditions RC2 expressing 
cells Were generated around the entire circumference of the 
lateral ventricles While no RC2 expression Was observed 
around the lateral ventricles of the mice that received the 
vehicle control, indicating that adult neural stem cells can be 
induced by groWth factors to form radial glial cells in the 
brain in situ. 
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[0130] In order to further analyZe the RC2 expressing cell 
population in the infused animals We used Z-stacked confo 
cal images to study morphology of the cells. The RC2 
expressing cell population in the FGF-2+HS infused animals 
had a multipolar astrocytic morphology and did not display 
the elongated morphology indicative of RGCs. This ?nding 
is consistent With our previous data demonstrating that 
FGF-2 does not support the radial morphology of RGCs. In 
contrast, an analysis of EGF and TGFO. infused animals 
revealed that the RC2 expressing cell population had a 
clearly elongated, radial morphology. The soma Was located 
at the ventricular surface While single, basal radial processes 
extended into the surrounding parenchyma. 

[0131] The radial RC2 expressing cell population in the 
EGF and TGFO. infused animals also expressed the RGC 
markers BLBP and nestin. Moreover, the majority of RC2 
expressing cells in the FGF-2+HS infused animals robustly 
expressed GFAP, Whereas RC2 expressing cells in the EGF 
infused animals did not express GFAP and those in the 
TGFO. infused animals expressed very loW levels of GFAP. 
These ?ndings therefore demonstrate that adult NSCs are 
capable of giving rise to RGCs in the adult forebrain in 
response to either EGF or TGFot. Under these experimental 
conditions, FGF-2 generated cells expressed RC2, had an 
astrocytic morphology and expressed the astroglial marker 
GFAP. 

[0132] Therefore, EGF, FGF-2 and TGFO. can be used to 
produce radial glial cells in vivo. In particular, EGF or 
TGFO. can induce the formation of radial glial cells that are 
positive for radial glial cell markers and radial morphology. 

Example 7 

[0133] Ependymal Cells Adopt a Radial Glial Morphology 
in Response to EGF or TGFO. 

[0134] It has been suggested that ependymal cells may be 
a remnant of the embryonic VZ and more recently that this 
cell population may represent a population of NSCs in the 
adult forebrain and spinal cord (Johansson et al., 1999). We 
investigated Whether the infusion of signals Which promote 
the RGC phenotype might induce ependymal cells to adopt 
a radial glial phenotype. Infusions of FGF-2 plus HS, EGF 
or TGFO. Were performed as previously described. Ependy 
mal cells Were identi?ed using the ependymal cell speci?c 
marker s100beta. 

[0135] In vehicle control infusions, the ependymal layer 
Was a thin, single cell layer composed of cuboidal cells 
adjacent to the ventricular surface. In both EGF and TGFO. 
infused animals, ependymal cells underWent a dramatic 
alteration in morphology. Thus, 48.9:14.9% (n=4) of 
ependymal cells in EGF infused animals and 66.9:5.9% 
(n=3) of ependymal cells in TGFO. infused animals extended 
a long thin basal process perpendicular to the surface of the 
ventricle toWards the parenchyma. In contrast, in FGF-2 
infused mice, ependymal cells did not adopt a radial mor 
phology, though a very small number (2.2:1.0%; n=3) did 
appear to extend a short basal process aWay from the 
ventricular surface in some cases. FGF-2 also appeared to 
dramatically upregulate s100beta expression in the SVZ. 

[0136] Double labeling of s100beta With the RGC markers 
BLBP, RC2, and nestin revealed that the ependymal cells in 
EGF and TGFO. infused animals did not express radial glial 
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markers though they displayed a radial morphology. Inter 
estingly, some regional differences Were observed in the 
morphology displayed by the ependyma in the EGF infused, 
and particularly the TGFO. infused, animals. Cells along the 
lateral and medial aspects of the ventricles extended single 
basal processes in a surprisingly organiZed manner, With all 
processes extending perpendicular to the ventricular surface. 
Occassionally, some ependymal cells along the medial side 
of the ventricle translocated their soma aWay from the 
ventricle leaving a short apical process With an endfoot 
contacting the ventricular surface, this phenomenon Was 
never observed amoung ependymal cells on the lateral 
aspects of the ventricles. Rather, translocation of the soma of 
ependymal cells aWay from the ventricular surface Was most 
commonly observed dorsally. Some of these cells clearly 
displayed a bipolar radial morphology, having a short api 
cally located process and a longer basal process Which Was 
generally de?ected by the corpus collosum, apparently 
unable to penetrate these dense White matter tracts. The 
ependymal cell processes Were generally restricted to the 
Zone of expansion around the lateral ventricles, With the 
endfoot of the process terminating at the border betWeen the 
expansion Zone and the brain parenchyma. 

[0137] Although ependymal cells produced radial glial 
cells that do not express radial glial cell markers in response 
to EGF or TGFot, the combination of EGF and CNTF 
resulted in dramatic radial glial cell production from 
ependymal cells. Upon infusion of EGF and CNTF, ependy 
mal cells no longer expressed s100beta. Instead, the cells 
expressed radial glial cell markers and adopted a radial 
morphology. Therefore, although EGF and TGFO. can each 
induce radial glial cell formation, the combination of EGF 
and CNTF is much more effective. 

Example 8 

[0138] Ependymal Cells Proliferate in Response to FGF 
but not EGF 

[0139] As shoWn above, ependymal cells, like neural stem 
cells, adopt a radial morphology in response to EGF infu 
sion. Since it Was previously proposed that ependymal cells 
may be neural stem cells, Which proliferate in response to 
EGF, We determined Whether ependymal cells also prolif 
erated in response to EGF infusion. Six to eight Week old 
mice received BrdU injections every 2 hours for 12 hours on 
the 6th day of EGF infusion and Were analyZed by double 
labeling for BrdU and s100beta. We analyZed the contralat 
eral ventricles of 3 infused mice, 12 sections per mouse, by 
confocal microscopy. We Were unable to ?nd a single 
unambiguous BrdU positive ependymal cell. HoWever, 
BrdU positive, s100beta negative cells could be observed 
intercalated With ependymal cells. The inability of ependy 
mal cells to proliferate in response to EGF therefore indi 
cates that they are not neural stem cells. 

[0140] We discovered that ependymal cells proliferate in 
response to FGF and/or its cofactor heparin sulfate A 
six day infusion of FGF-2 and HS induced a massive 
proliferation of the ependymal cell layer. Interestingly, infu 
sion of FGF-2 alone had only a Weak effect. Since We found 
that ependymal cells, and cells of the subventricular Zone, do 
not contain detectable levels of HS, our results indicate that 
heparin sulfate is a limiting factor that restricts ependymal 
cell proliferation in the adult mammalian brain. Consistent 

Feb. 13, 2003 

With this notion, heparin sulfate is produced at high levels in 
the embryonic ventricular Zone during neurogenesis. We 
therefore infused heparin sulfate alone into the adult fore 
brain, and proliferation of ependymal cells as Well as in the 
subventricular Zone Was increased. 

[0141] Accordingly, ependymal cells can be induced to 
produce radial glial cells by using EGF and/or TGFot, and in 
particular the combination of EGF and CNTF/LIF. Further 
more, the number of ependymal cells can be increased by 
using FGF-2 or heparin sulfate, preferably both. CNTF 
nad/or LIF can be further used to increase the number of 
ependymal cells in the presence of FGF-2. It is contemplated 
that maximal radial glial cell formation can be achieve by 
inducing both ependymal cell increase and radial glial cell 
production from ependymal cells, for example by using 
FGF-2, HS, LIF, EGF and CNTF. 

We claim: 
1. A method for generating radial glial cells from neural 

stem cells, comprising contacting at least one neural stem 
cell With an effective amount of at least one radial glia 
promoting agent, Wherein the radial glia promoting agent is 
selected from the group consisting of epidermal groWth 
factor (EGF), ?broblast groWth factor-2 (FGF-2) and trans 
forming groWth factor alpha (TGFot). 

2. The method of claim 1 further comprising contacting 
the neural stem cell With ciliary neurotrophic factor (CNTF) 
and/or leukemia inhibitory factor (LIF). 

3. The method of claim 1 Wherein the neural stem cell is 
located in a brain. 

4. The method of claim 3 Wherein the brain is located in 
a mammal. 

5. The method of claim 4 Wherein the mammal is an adult. 
6. The method of claim 4 Wherein the mammal is a 

human. 
7. The method of claim 1 Wherein the neural stem cell is 

located in a cell culture. 
8. The method of claim 7 Wherein the cell culture is 

derived from an adult mammal. 
9. The method of claim 8 Wherein the adult mammal is 

human. 
10. The method of claim 1 Wherein the neural stem cell is 

contacted With EGF and LIF, folloWed by TGFot. 
11. The method of claim 1 Wherein the neural stem cell is 

contacted With EGF and CNTF, folloWed by TGFot. 
12. Amethod of producing radial glial cells from ependy 

mal cells, comprising contacting the ependymal cells With 
an effective amount of EGF, CNTF, LIF and/or TGFot. 

13. The method of claim 12 Wherein the ependymal cells 
are contacted With a combination of EGF and CNTF. 

14. The method of claim 12 further comprising contacting 
the ependymal cells With FGF in an amount suf?cient to 
promote proliferation of the ependymal cells. 

15. The method of claim 14 Wherein the FGF is admin 
istered along With heparin sulfate, CNTF and/or LIF to a 
mammal harboring the ependymal cells. 

16. A method for treating or ameliorating a central ner 
vous system (CNS) disease or damage in a mammal, com 
prising transplanting radial glial cells into the mammal. 

17. The method of claim 16 Wherein the radial glial cells 
are obtained by incubating neural stem cells in the presence 
of an effective amount of EGF, FGF-2 or TGFot. 

18. The method of claim 17 further comprising incubating 
the neural stem cells With CNTF or LIF. 
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19. The method of claim 16 wherein the CNS disease is 
a neurodegenerative disease. 

20. The method of claim 19 Wherein the neurodegenera 
tive disease is selected from the group consisting of AlZhe 
imer’s Disease, Multiple Sclerosis (MS), Huntington’s Dis 
ease, Amyotrophic Lateral Sclerosis, and Parkinson’s 
Disease. 

21. Amethod for enhancing neural cell mobilization in the 
brain of a mammal, comprising one selected from the group 
consisting of: 

(a) administering to the mammal an effective amount of a 
radial glia promoting agent; 

(b) transplanting radial glial cells into the mammal; and 

(c) transplanting neural stem cell progeny into the mam 
mal and inducing the transplant to form radial glial 
cells in the mammal. 

Feb. 13, 2003 

22. The method of claim 21 Wherein the radial glia 
promoting agent is selected from the group consisting of 
EGF, FGF-2 and TGFot. 

23. The method of claim 22 further comprising adminis 
tering to the mammal CNTF or LIF. 

24. The method of claim 21 Wherein the neural cell is a 
neuron or neuron precursor. 

25. The method of claim 21 Wherein the radial glia 
promoting agent is administered into a ventricle of the brain. 

26. The method of claim 21(c) Wherein the transplant is 
induced to form radial glial cells by administering EGF, 
FGF-2 and/or TGFot. 

27. A composition comprising radial glial cells. 
28. The composition of claim 27 further comprising a 

pharmaceutical acceptable eXcipient and/or a pharmaceuti 
cal acceptable carrier. 

* * * * * 


